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Alerting Abstract SU A 1 

During manufacture process, the conductor and stabilising element of rectangular form with longitudinal slot 
separately in vertical plane are simultaneously passed via a melt of solder. The superconductor is introduced into 
slot of stabilizing element, and their connection is carried out at the output of melt by passing them through a die 
with compression of stabilizing element of 5 to 15 percent, while the cooling is carried out to the temperature of 50- 
140 deg. C below the solidification temperature of solder. 

The superconducting conductor is bent in cooled places to a stress-stretched state of conductor against stabilising 
element. 

USE - In manufacturing superconducting wound conductors. Bui. 8/20.3.96 
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(54) PROCESS OF MANUFACTURE OF STABILIZED SUPERCONDUCTING WIRE 



(57) Abstract: 

FIELD: electrical engineering. SUBSTANCE: 
for manufacture of stabilized 

superconducting wire conductor and 
stabilizing element of rectangular shape 
with longitudinal groove are simultaneously 
passed through melt of solder. 
Superconductor is inserted into groove of 
stabilizing element in die at exit from melt 



with 5-15% reduction of stabilizing element. 
Wi-e is locally cooled after emergence from 
die to temperature which is 50-140C below 
temperature of solid us of solder and is bent 
at this place up to stress-stretched state 
of conductor with regard to stabilizing 
element. EFFECT: increased quality of wire 
by prevention of unsoldered sections between 
conductor and stabilizing element. 4 cl, 1 tbl 
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H3o6peTeHne othochtca k oGnacTM 
aneKTpoTexHUKU, b MacTHocTH k cnoco6aM 
naroTOBJieHna ceepxnpoeoAfliUHX o6"MOTOMHbix 



V) 



U,enb H3o6peTeHHH noBbiweHne KanecTBa 
npoBoaa nyTeiw ncKmo^eHUH HenponaaHbix 
yMaoTKOB Meway cBepxnpoBOAHKKOM n 
CTa5nflH3npyKinnM sneiueHTOM 

Cnoco6 3a<nioHaeTcq b tom, mto fipa 
naroTOBneHun CTa6nnn3npoBaHHorQ 
GBepxnpoBOflflii4ero npoaofla npoBOflHMK w 
CTa6M/in3npyioinnti 3/ieMeHT npflwoyronbHofi 
cbopMbi, coflepxcamwi? npHMoyronbHbifi nas 
paaflenbHo b BepTkiKanbHoti nnocicoc™, 
nponycKaioT Mepe3 pacnnaB npnnoa, npaBoflHUK 
BBOflflT b na3 CTa6nnn3npyioLL(ero s/ieMema h 
ooeflUHaioT c hum b 4>wibepe Ha BbixoAe na 
pacnnaBa npn o6*aTi/in CTa6i/inn3iipyioLnera 
aneMeHTa Ha 5-15% npoBOfl nocne Bbixofla U3 
cpwibepbi oxna>KaaioT noKanbHO flo 
TeMnepaTypu, Ha 50-1 40 °C Hn>xe TeMnepaTypbi 
connflyca npunos, npw 3tom Ha oxnaKflaeMOM 
ywacTKe npoBOfl n3™6aK)T ao 
HanpsxeHHo-pacTflHyToro cacTO»Hnn 
npoBOflH^Ka oTHocMTGnbHo CTa6nnn3npyK)U4ero 
3/ieMeHTa 

fins noBbiiueHUfl npow3BOflMTenbHocTH 
npou,ecca H3roTOBneHna npoBOfla 
npekiMyii^ecTBeHHO c MHOronpoBonoHHbiM 
CBspxnpoBOflHMKOM BHyTpn pacnnaaa M3weHfiK)T 
He MeHee Tpex pa3 TpaeKTopwo ABHXceHHfi 
npoaaflHHica m cTa6nni/i3upyramero sneMeHTa, 
o6eoneMnaaF TpeHne Ha ynacTKax n3MeneHHfl 
TpaeKTopMM. CeneHMe CTa6^inM3npyiou4ero 
3neMeHTa Sm npeflnomnTenbHO onpefle/iflioT us 

COOTHOWeHHH 

S M = hl-<h-0,5h +n,5d' ) «d . S M 



rfle S M , h, I v\ S m1 , ^ nnoi^aAb nonepenHoro 
ceseHUfl, BbicoTa n ujupnHa CTa6nnn3npyiouj l ero 
□neMeHTa ao n nocne o6x<a™fl, 

COOTBeTCTBeHHO; 

a ^ dm. S« Bep-rnKanbHbiS n ropM30HTa^bHbiM 
nonepeMHbie pa3Mepu n nnoL^aflb ceHeHws 
npoBOflHuKa. 

npn HcnonbaoBaHHH npsMoyronbHoro 
TpaHcnoHnpoBaHHoro CBepxnpoBOflHUKa Ann 
ynymijeHna KanecTBa npoBoaa pa3flenbHo b 

BepTMKanbHOti nnOCKOCTH C npOBOflHMKOM M 

CTa6u/in3npyioinnM sneMeHTOM b pacnnaBe 
np^nos flononHMTeribHo nponycKaioT aneMem- H3 
HopManbHo npoBOflflii^ero MeTanna, KOTopbiK 
yunaflbiBaiOT b na3 CTa6nnn3npyoLnero 
aneivieHTa nosepx npoBOflHHKa b cpunbepe. Ha 
oxna>KflaeMOM ynacTtre nposofl H3rn6aioT ao 
Hanpn>KeHHO-pacTHHyTaro coctohhhh 
HopManbHo npoBOflPii^ero aneMem-a 
oTHocnTeribHo cTa6nnn3npyicu4ero sneMeHTa 
Cnoco6 ocymecTBJifiiOT cneAyioiUHM 
o6pasoM. npeflBapnTeiibHo nsroTaBnuBaKJT 
oflHo- hjih MHoronpoBonoMHbiPi nposoAHHK t* 
npfiMoyronbHbiPi CTa6unnsnpyiciAMii aneMeHT na 
antoMUHMfl b MeflHoii o6ojioHKe c na30M no 
cepeflMHe uji^poKoti dopoHbi U-o6pa3HoR 
cjjopMbi. Pasiviepw na3a Bbi6nparaT mcxoar m 
reovieTpuMecKO^ cpopMbi npoBOflHi/ina c y^eTOM 
bo3wo>khoctm ymy6jieHMfi era b waTpnL|e n 
CBo6o/iHoro BBefleHna b na3 (flonycK no ujupuHe 
nasa 0,05-0,1 mm). CTa6nnn3npyK)inn(i aneMeHT 
na30M BBepx n npoBOAHHK Hafl hum 
(aononHMTenbHo HopManbHo nposoflamn^j 
aneMeHT Hafl npoBOflHUKOM b o^hom us 
BapuaHTOB), pa3flenBHHbie b BepTHKanbHoPi 



n/iocKoc™, oflHOBpeMeHHO nponycKaioT 4epe3 
pacnnaB npunos, Hanpuwep, noCCy-30-2 np^i 
340-350°C nnn nOC-61 npn 250-280 D C co 
cKopocTbio 5-15 m/muh. BHyipn pacnnaBa 
MeiKfly flByMP norpy>KHbiMH ponnKaivin 
npeWMymecTBeHHo MHoronpoBonoMHbiw 
npoBOflHMK, cTa6nnn3npyio[L|n£i n HopiwanbHO 
npoBOAHmuM aneMeHTbi nponycKataT no 
nsMeHBioLL^eflca Tpaeiaopnn b BepTMKanbHoii M 
ropM3OHTanbH0i1 nnocKccTflx, o6ecneMHBaa 
TpeHne b MOMeHT MSMeHeHun Tpaeicropnn. 
MeHee ™6khm CTa6nnn3npy(oinnii sneMeHT npw 
n3MeHSHnn TpaeKTopnn otktiohwot Ha yron 
10-30°, a 6onee rn6Kne npoBOflHUK m 
HopManbHo npoBOAfia(nfl aneMeHT Ha 30-1 BO °C 
ot Tpex ao n«™ pa3, mto no3BonsieT 
ocymecTBMTb oOTupKy n c6poc c BHeujHeii 
noBepxHocTn sneMeHTOB npoBOAa n yaaneHHe 
n3HyTpn MHoronpoBonoMHoro npoBOAHUKa 
ocTaTKOB cpnioca. 

Ha BbixoAe M3 pacnnaBa ocymecTBnmoT 
BBeA6Hne npoBOAHMKa Mnn npoBOflHuKa n 
HopManbHo npoBOAaii(ero oneMeHTa b naa 
cTa6nnn3npyn3i^era sneiueHTa c o6>KaTneM ero 
Ha 5-1 5% ao KOHeHHoro pasMepa n 
nocneAy»ii(MM noKanbHbiM oxnaxfleHneM boaom 
y^acTKa npoBOAa flnnHoPi 0,5-1,5 cm ao 
TeMnepaTypw Ha 50-140°C Hu*e TeMnepaTypbi 
connflyca nereonnaBKHx npunoeB, b MecTe 
M3rn6a npoBOAa Ha ocHOBaHne 
CTa6nnn3npyicinero aneMeHTa (Ha crapoHy, 
npoTHBonono>KHyio CTOpoHe c na30M) Ha paAnyc 
20-50 hi Ha yMacTKe M3rn6a npoBOflHMK, a 
Taiwe HopManbHo npoBOAflujui^ aneivieHT b 
oahom us sapnaHTOB npno6peTaicT 
Hanpa>KeHHo-pacTflHyToe cooTO^Hne 
OTHocMTeribHO CTa6nnn3npyK3iAero aneMeHTa. B 
AanbHePiujeM npoBOfl oxjia>KAaeTCB 
oaMonpon3BonbHO n nocTynaeT Ha npKiewiHoe 

VCTpOtlCTBO 

Bw6op ceneHUM CTa6miM3npyioLAero 
aneMeHTa b hcxoahom h kohsmhom coctoshhsx 
no cooTHoiueHnio nnn napaMeTpax 
cTa6Mnn3npyiciAero aneMeHTa n npoBOAHUKa, 
6nw3KHx k cooTHomeHMio, a Taiwe yraaaHHOii 
cTeneHU o6)KaTHfl oOecnennBaeT nocTOHHHoe (a 
npeaenax AOnycKa Ha cnoti npunoq) nono>KeHne 
npoBOAHUKa no ocu urn BAonb Hee, nonHoe nnn 
npaKTunecKH nonHoe 3aKpbiTne n MexaHMMecroe 
saKpenneHi/ie npoBOAHMKa b CTa6nnn3Mpyioa(eM 
aneMeHTe, KorAa lunp^Ha npoBOAHMKa 
cymecTBeHHo npeBocxoA^T ero Tonm^Hy 
(HanpnMep, npn y<naflKe b na3 
TpaHcnoHnpoBaHHoro npoBOfla npjiMoyronbHoro 
ceMBHnn), MaKcuManbHO flonycTnMoe o6>KaTne 
MaTpni^bi He n03BonReT nonHocTbio 3aKpbiTb 
cBepxnpoBOflsii(nS sneMeHT. B stom cnyMae 
nosepx npoBOAHMKa b na3 MaTpnL|bi 
AononHHTenbHO yKnaAWBaioT 
cTaSnnnsnpyicLUnii aneMeHT, n3roTOBneHHbifl na 
HopManbHo npoBOflamero waTepnana c BbicoKaM 
npoBOAHMocTbio. npn o6x<:aTHflx weHbiiie 5% 
MBxaHMHBCKOG 3aKpenneHne MaTepnanoM 
cTa6nnn3npyo[ijero aneMeHTa HeAocTaTOMHo, 
BcneACTBue nero cHuxaeTCH npoMHocTb 
aaKpenneHHFi npoBOAHMKa, a npn o6«:aT^flx 
Sonee 15% noBbnuaeTcn BepoqTHocTb o6pbiBa b 
npoL(ecce n3roToaneHnq npoBOAa. Pa3AenbHoe 
no BepTMKann n OAHoepeMeHHoe nponyckaHne 
nepe3 pacnnaB npunon aneMeHTOB npoBOAa, a 
Taiotffi M3MeHeHMe TpaeKTopnn v\x ABuxeHUfl b 
pacnnase c o6ecneweHneM TpeHUH b mombhtu 

H3MeHeHH!1 TpaeKTOpuS ABHWeHMH 

o6ecneHHBaeT KanecTBeHHoe o6cny>KMBaHne nx 
noBepxHOCTM npn bwcokhx ckopoctax (ao 15 



m/mhh) nonyneHMfi npoBofla. 

CoeflnHeHne nyTeM oowaTHH b cpmibepe Ha 
Bbixofle H3 pacnnaBa flonoriHUTenbHQ 
o6eoneMMBaeT oTcyTCTBwe okhchux BKJiioHeHHfi, 
paicoBHH, nonHoe 3anonHeHne npunoeM 
Me>KnpoBojioMHoro npocTpaHCTBa npoBOflHUKa 
OKOHHaTenbHaw cpHKcauHa npoBOflHUKa b 
iwaTpnL(e nponcxoflMT npi/i nocneflyiomeM 
JioKa/ibHOM (0,5-1,5 cm) ox/ia>KfleHnn Boflofl Ha 
yMacTKe HSomyToro npoBofla c npoBOflHHKOM 

HaXOflRLflHMCfl B HanpWKeHHO-paCTflHyTOM 

coctohhhh oTHocurenbHo CTa6njin3^pyioi^ero 
aneMeHTa flo TeMnepaTypu, Ha 50-140 D C Hnwe 
TeMnepaTypu coriHflyca npnnoa. YKaaaHHuii 
npneM nosBonpeT sacp^KCHpoBaTb npoBOflHHK b 
dporo onpeaeneHHOM nonoxceHHH no Bcefl 
flnuHe nyTeM ycrpaHeHns HeoflHopoflHocTu era 
nonoweHHa, B03HHKaraifleii ns-aa pa3JinHkw 
Koac}xt>HL4neHTOB TepMUHecKoro pacujupeHns 
coeflUHeHHbix MaTepnanoB, a Taioxe ncKnioHHTb 
o6paaoBaHne oaKOBHH Mewfly ahom nasa n 
npoBOflHHKOM H3-3a ycaflw npnnoa. 

Ox/ia>KfleH^e flo TeMnepaTypu, Ha 50-1 40°C 
Huxe TeMnepaTypu con^ayca npunos, 
no3BonaeT npM nocneflyioifleM pacnpawneHnn 
npoBOfla c oflHow CTopoHbi npefloTBpaTMTb 
pacTpecwBaHne HeflocTaTOHHO oxriawaeHHoro 
n, c/ieflOBaTenhHo, MexaHUMecKH HenpoMHoro 
npuinofl, Haxoflfliflerocfl Me>Kfly npoBOflHHKOM m 
MaTpnL(ePi, a c npyroCi yiweHbujuTb BnwaHue 
necfcapMauyM pacTHxceHUfl MaTpuL|bi Ha 

npOBQflHUK. 

rionyHeHHbi^ npaBOfl 6/iaroflaps yKa3aHHbiM 
Bbinie npenMyii^ecTBaM, HMeeT AnnHy saxofla 
TOKa b CBepxnpoBOflHUK, He npeabiujaioinyia 1 
mm npoBOflHMK npn/ieraeT k ocHOBaHHio na3a 
6e3 HenponaflHbix yHacTKOB Ha Bcetf 
CTpoHTenbHoi* fljMHe. B CBS3yioifl9M npunoe 

OTCyTCTByiOT OKHCHble BKTllOHeHHA, paKOBHHbl H 
TpeinHHbi. ripoBOA HMeeT BblCOKyK) npOHHOCTb 

coeflHHeHUfl sneivieHTOB. npn flByxKpaTHOM 
pa3HOHanpaB/ieHHoM H3w6e Ha 6onbniyto 
nnocKocTb Ha 180° u pafluyce 1 0h 3/ieMeHTbi He 
OTc/ianBaraTcfi n He BbixoaflT H3 MaTpni^w. 
KoHKpeTHbie npi^Mepu ocyiflecTBneHwn cnoco6a 
n CBOMCTBa noJiynaeMbix npoBOflOB npuBeaeHbi 
b Ta6jiMi4e. 

flns cpaBHeHHS 6bm H3roTOBneH npoBOfl no 
naBecTHOMy cnoco6y c ncnonb30BaHneM b 
KanecTBe npoBOflHUKa MHoronpoBonoMHoPi >wmbi 
us HT-50 7 x 0,33 mm h npHMoyronbHOki 
U-o6pa3HOM waTpuL^bi c BHewHHMU pa3MepaMn 
2 x 3,5 mm 2 h na30M 1,2 x 105 mm 2 c 
nponaPiKoR npunoeM riOCCy-30-2. Ha OTpesKe 
onuHofi 300 mm 6biro ooHapyweHo 7 pa<03HH 

OHUHOM OT 5 flo 10 MM. ripOBOflHHK B MaTpHL^e 

6bin pacnonoweH no bojihhctom /ihhmh co 
CMeL^eHMeM 0,2-0,3 mm ot ah a na3a nepe3 20-30 
mm. ftnuHa 3axoAa too b cBepxnpoBOflHUK 
H3MeHSjiacb no finuHe npoBOfla ot 2 flo 8 mm. 
npn flByxKpaTHOM pa3H0HanpasneHH0M H3™6e 
Ha 6onbiuyio n/iocKocTb Ha 180° v\ pa/inyc 20 
mm npoBOflHUK oTcnanBancs n Bbixoflnri n3 na3a 
npn komhsthom TeMnepaType 

Kaic BUflHO us M3jiow:eH4oro, npeflnoxeHHbiCi 
cnoco6 no cpaBHeHnio c n3BecTHb!M no3BonfleT 
noBbicnTb KanecTBO n yaejiwirrb 



OopMyna M3o6peTeHnn: 

1. CnOCOB M3rOTOBflEHMH 

CTABMnH3MPOBAHHOrO 
CBEPXnPOBOfl^Li^ErO nPOBOflA, 
BKnioHaioiAnPi BBefleHne npoBOflHUKa b 
npoflonbHoCi na3 cTa6njiH3npy»!nero a^eMeHTa 
npflMoyronbHofi dpopMbi, coeflnHeHne nx naPiKoPi 
nerKonnaBKUM npunoeM m oxna>KfleHMe, 
OTnuHaioiiinficn tbm, hto, c Lienbio noBbiiueHun 
ranecTBa npoBOfla nyreM MCKJiKweHHR 
HenponaflHHbix y-iacTKoe Me>Kfly npoBOflHHKOM w 
cTa6n/in3npyioiAnM sneMeHTOM , npoBOflHUK n 
CTa6nnn3npyioiiiMp| sneMeHT nponycKaioT 
pa3fle^bHo b BepTMKanbHofi nnocKocTn nepe3 
pacn/iaB npunon, aaefleHne npoBOflHUKa b na3 
OTa6n/in3pyio^ero sjieMeHTa h hx coeflnneHne 
ocymecTBnflioT Ha Bbixofle H3 pacnnaBa nyTeM 
nponycKaHHH nx Mepe3 cpunbepy npn o6>KaTMH 
OTa6nnn3MpyioiAero 3neMeHTa Ha 5 - 15%, a 
oxnaxfleHne npoBOflar nocne Bbixofla n3 
c{)nribepbi noKaribHO flo TeMnepaTypbi Ha 50 - 
140°C Hnx<e TeMnepaTypu connflyca npunon, 
npn 3tom Ha oxnax<flaaMOM ynacTKe npoBOfl 
H3rn6aioT flo HanpflKeHHO-pacTHHyToro 

COCTOSHHfl npoBOflHUKa OTHOCHTeJlbHO 

CTa6nnH3npyiou4ero aneMeHTa, 

2 Cnoco6 no n 1, OTjinMaicinn^CB TeM, hto, 
c Lienbio noBbiiueHUH npoMSBOflMTenbHocru 
npoL\ecca n3roTOBneHn« npnaofla 
npenMyi^ecTBeHHo c MHoronpoBonoHHbiM 
npoBOflHHKOM, BHyTpn pacnnaBa H3MeHHioT He 
MeHee Tpex pa3 Tpaeiaopnio flBHxeHnn 
npoBOflHUKa n CTa6nnn3npyioiJ4ero arieMeHTa, 
o6ecnem^Ban TpBHue Ha ynacTKax M3MeHeHHfl 
-pa^KTDpvv 

3. Cnoco6 no n 1 nnn 2, oTjinnaiou^nficH 
TeM, hto ceHenne o6«MMaeMoro 
0Ta6nriM3MpyioiAero 3-jieMeHTa S M onpeflenfiiOT 

M3 COOTHOLUGHH51 

hi-Ch-0,5h t0,5d'>«d 



1 1 K 1 

rfleS M , h In 

s hi, h - nnomaflb nonepeHHoro ce^su\^s\, 
"l 

BbicoTa n ninpnHa oTa6nflH3npyioiflero 
3nsMeHTa flo n nocns oSraTun cooTBeTCTBeHHo; 
d'.d ,s - BepTHKaiibHbi^ n 

rop^i30HTaribHbiii nonepenHbie pa3Mepu m 
nnomaflb ceneHns npoBOflHUKa 

4. CnocoC no n.1 m\A 2, oTnnHaioiuMkicn TeM, 
hto pa3fleribHo b BepTHKanbHoPS nnocKocTn c 

npoBOflHHKOM H CTa6HJlH3HpyiO[J4HM SJleMeHTOM 

b pacnnase npunon flononHMTe/ibHO 
nponycKaioT 3/ieMeHT H3 HopManbHo 
npoBoflBinero MeTa/ina, yKnaflbiaaraT era b 
dpwnbepe b na3 CTa6nnn3npyioiflero sneMeHTa 
noBgpx npoBOflHUKa, npw stom Ha oxnawflaeMOM 
ynacTKe npoBOfl n3rn6aiOT flo 

HanpflJKBHHO-paCTRHyTOrO roOTOflHMB 

HopManbHo npoBOflwiflero sneMeHTa 
oTHDCHTenbHo cTa6nnn3npytoiflero aneMeHTa 
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(54) CnOCOB M3rOTOBJlEHMH CTA5MJlM3MPOBAHHOrO CBEPXIIPOBOflflLHErO nPOBOflA 

(57) 

H3o6peTeHne qthdchtch k o6jiacTK 
s^eKTpoTexHuKu, b MacTHoc™ k cnooo6aM 
H3roTOBneHHji CBepxnpoBOflflii^x o6MOT0HHbix 
npoBoqoB. Uenb M3o6peTeHna - noBbiwemie 
KaMscTBa npoBOfla nyTeM HCKruoMeHUfl 
HenponaflHHbix yqacTKOB tAexpy npoBOflHuraw n 
CTa6n™3npyioinHM sneMeHTOM. flns 
HsroTOB/ieHMH CTa6nnn3npoBaHHoro 
CBepxnpoBOflflinero npoBOfla npoBOflHMK n 
CTa6nnn3^pyioiniiCi ajieMem npflMoyro/ibHoCi 
cpopMbi c npoflo/ibHWM na30M pa3fle/ibHO b 

BepTMKanbHOCl njlOCKOCTH H OflHOBpeMeHHO 



nponycKacT nepes pacnnaB npunoa. 
CBepxnpoBOflHUK bboaht b nas 
cTa6n/iH3npyiCLnero anevieHTa b cpmibepe Ha 
Bbxofle na pacn/iaBa npn o6x<aTnn 
CTB6njiH3MpyiOLnero sjieMema Ha 5 - 15%. 
ripoBoa nocne sbixoaa ns $w;ibepbi noKa/ibHo 
oxna>KflaK3 T ad Tewnepaiypbi, Ha 50 - 14n°C 
HHxce TeMnepaTypw co/inayca npnnofl, H3rn6aa 
ero b MecTe ox/ia>KfleHMfl flo 
HanpHKBHHo-pacTSHyToro coctohhhh 
npoBOflHMKa OTHocHTenbHo CTa6n/in3i/ipyioLnerD 
3jneMeHTa. 1 Ta6n., 3 3. n, dp-nb\. 
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